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GCMRC Objectives

Provide credible, objective information to the     
GCDAMP
Integrate physical, cultural, & biological 

resource sciences
Make data and analysis available to 

stakeholders

Oracle database is Oracle database is THETHE tooltool
that makes data integration and that makes data integration and 

availability possibleavailability possible



or·a·cle: A person, such as a priestess, through 
whom a deity is held to respond when consulted

Reference good primary geodetic control
(National Spatial Reference System)

Collect, check, evaluate, archive RS spatial data
Establish geodetic control within CRE 
Primary – Secondary – Tertiary Levels

Ground Surveys
Photo Panels 
Photo-identifiable hard-points

Determine Accuracy
Develop Database Layers
Perform Analysis





National Spatial Reference System
is a consistent national coordinate system that 
specifies latitude, longitude, height, scale, gravity, 
and orientation throughout the Nation, as well as how 
these values change with time.
provides a highly accurate, precise, and consistent 
geographic reference framework throughout the 
United States. 
is the foundation for the National Spatial Data 
Infrastructure (NSDI)
defined and managed by the National Geodetic 
Survey (NGS)
Provides local and network accuracies

Primary Control



1999

C-stability=“ May hold, but of type 
commonly subject to surface motion”

Primary Control



2003

Primary Control



2005

Primary Control



Primary Control



Remote sensing missions since 1999



May 2004 Nov 2004 Dec 2004

Aug 2000 Sep 2000 May 2002



Spatial Data



Spatial Data



Spatial Data



Spatial Data



Spatial Data



Historical Photos can then be scanned 
and referenced to the network  for 2D and 
3D analysis though the Oracle database



Key Concepts Of Error Determination

All positioning is relative to something else
National Spatial Reference System (NSRS)

All measurements contain error
Random, systematic, and gross (“blunders”)
Accuracy = Precision + Bias
Confidence level of accuracy must be specified

Standards and specifications are essential 
Standards are based on results
Specifications dictate how measurements are 
made Quote of the day:

“Accuracy is telling the truth . . . 
Precision is telling the same story 
over and over again.”

— Yiding Wang

Accuracy Determination



National Standard for Spatial Data 
Accuracy (NSSDA)

Provides method for estimating accuracy of 
spatial data

Specifies 95% confidence level
Not “root mean square error” (RMSE)

For both horizontal and vertical accuracy
Required by Executive Orders 12906, 13286 
for “geospatial data produced, revised, or 
disseminated by or for the Federal 
Government” (FGDC-STD-007.3-1998, p. 3-1) 
Promulgated by the Federal Geographic Data 
Committee (FGDC)

Accuracy Determination



Some ways to lie about accuracy
Reporting accuracy using unscaled standard 
errors

Vertical: Gives accuracy at 68% confidence
Horizontal: Gives accuracy at 39% confidence

Reporting accuracy using RMSE
Vertical: Gives accuracy at 68% confidence
Horizontal: Gives accuracy at ~65% confidence 
(varies, since covariance neglected)

Using precision in data with systematic 
errors (bias)
Ignoring non-uniform error distributions and 
error correlation (covariance)

Accuracy Determination



Some “accuracy” results to consider
(all from same airborne GPS photogrammetry & LiDAR data)

Horizontal “accuracy” computed as:
±34 cm
±38 cm
±49 cm
±55 cm
±82 cm
±92 cm
±121 cm
±135 cm

Is it “accuracy” or is it “precision”?
What is the “confidence level”?

Accuracy Determination



Horizontal data accuracy assessment
Scatter plot with respect to known control

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150
Delta east (cm)

D
el

ta
 n

or
th

 (c
m

)
n = 27



-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150
Delta east (cm)

D
el

ta
 n

or
th

 (c
m

)

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150
Delta east (cm)

D
el

ta
 n

or
th

 (c
m

)

Horizontal data accuracy assessment 
Scatter plot showing standard precision (39% confidence)

Precision ellipse
a = 49 cm

Circular
precision = 34 cm

n = 27
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Horizontal data accuracy assessment 
Scatter plot showing scaled precision (95% confidence)

Precision ellipse
a = 121 cm

Circular
precision = 82 cm

n = 27



Some “accuracy” results to consider
(all from same airborne GPS photogrammetry & LiDAR data)

Horizontal“accuracy” computed as:
±34 cm
±38 cm
±49 cm
±55 cm
±82 cm
±92 cm
±121 cm
±135 cm

Is it “accuracy” or is it “precision”?
What is the “confidence level”?

(circular precision at 39% confidence)(circular precision at 39% confidence)

(precision ellipse at 39% confidence)(precision ellipse at 39% confidence)

(circular precision at 95% confidence)(circular precision at 95% confidence)

(precision ellipse at 95% confidence)(precision ellipse at 95% confidence)

Accuracy Determination
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Horizontal data accuracy assessment 
Scatter plot showing standard accuracy (39% confidence)

Circular
accuracy = 38 cm

Error ellipse
a = 55 cm

n = 27
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Horizontal data accuracy assessment 
Scatter plot showing scaled accuracy (95% confidence)

Error ellipse
a = 135 cm

Circular
accuracy =
92 cm (NSSDA)

n = 27



Some “accuracy” results to consider
(all from same airborne GPS photogrammetry & LiDAR data)

Horizontal “accuracy” computed as:
±34 cm
±38 cm
±49 cm
±55 cm
±82 cm
±92 cm

±121 cm
±135 cm

Is it “accuracy” or is it “precision”?
What is the “confidence level”?

per NSSDA per NSSDA (95% confidence)(95% confidence)

(circular precision at 39% confidence)(circular precision at 39% confidence)

(circular error at 39% confidence)(circular error at 39% confidence)

(precision ellipse at 39% confidence)(precision ellipse at 39% confidence)

(error ellipse at 39% confidence)(error ellipse at 39% confidence)

(circular precision at 95% confidence)(circular precision at 95% confidence)

(precision ellipse at 95% confidence)(precision ellipse at 95% confidence)

(error ellipse at 95% confidence)(error ellipse at 95% confidence)

Accuracy Determination



Some “accuracy” results to consider
(all from same airborne GPS photogrammetry & LiDAR data)

Vertical “accuracy” computed as:
±13 cm
±14 cm
±17 cm
±24 cm
±33 cm
±13 cm
±22 cm

What if the data are biased?
What if the data contain outliers?
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Vertical data accuracy assessment
Precision histogram (with respect to sample mean)
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Precision = 
13 cm at 68% conf
25 cm at 95% conf

n = 27
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Vertical data accuracy assessment
Accuracy histogram (with respect to known control)

Accuracy = 
17 cm (68% - RMSE)
33 cm (95% - NSSDA)

11 cm bias11 cm bias
n = 27
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OutlierOutlier
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Vertical data accuracy assessment

Precision histogram (with outlier removed)

Precision = 13 cm 
w/outlier removed
(95% confidence)

n = 27n = 26
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Vertical data accuracy assessment

Accuracy histogram (with outlier removed)

Accuracy = 22 cm 
w/outlier removed
(95% confidence)

n = 27n = 26



Some “accuracy” results to consider
(all from same airborne GPS photogrammetry & LiDAR data)

Vertical“accuracy” computed as:
±13 cm
±14 cm
±17 cm
±24 cm
±33 cm
±13 cm
±22 cm

How do you deal with biased data?
How do you deal with outliers?

per NSSDA per NSSDA (95% confidence)(95% confidence)

(linear precision at 68% confidence)(linear precision at 68% confidence)

(95(95--percentile linear precision)percentile linear precision)

(linear error at 68% confidence)(linear error at 68% confidence)

(95(95--percentile linear accuracy)percentile linear accuracy)

(95% conf precision with outlier removed)(95% conf precision with outlier removed)

(95% conf accuracy with outlier removed)(95% conf accuracy with outlier removed)



Limitations in NSSDA methods
No requirement to plot error 
distribution
No requirement to compute covariance 
in horizontal accuracy assessment

This necessary to compute error ellipse
Gives better indication of data uniformity
More rigorous, yet simple to compute

Non-normal vertical errors
Commonly occur in LiDAR datasets
No restrictions on outlier removal

Accuracy Determination



Systematic errors
Non-random

Must be removed or minimized
Compromises accuracy assessment

Example: Determining “slope” using 
ellipsoid heights

Systematically differs from hydraulic slope
Difference accounted for in geoid heights

Total stations cannot measure change in ellipsoid 
height…

…unless deflection of the vertical is known

Accuracy Determination
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Systematic errors in ellipsoid height slope
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Accuracy Determination

Geoid Slope



Conclusions

Spatial data must be evaluated for accuracy
Required by Executive Order for Federal spatial 
data

Numerous ways to generate misleading 
accuracy estimates

Evaluating biased data (i.e., data w/systematic 
errors)
Providing results at a confidence level < 95%
Ignoring non-uniform and non-normal error 
distributions
Eliminate all (or many) outliers

Accuracy Determination



Vertical Discrepencies Vs Metric Tons of Sand
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Percentage of Trigger Criteria Vs Vertical Discrepency 
(Marble Canyon )
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Metadata – Metadata - Metadata!!!



Questions?

Thanks to all for your Grand 
Canyon science efforts
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